We gave a single fraction of 750 cGy preoperatively (within 16 h of surgery) to 143 patients prior to total hip arthroplasty. The patients were evaluated for heterotopic ossification at 1, 3 and 6 months. The preoperative radiation did not affect the surgical procedure. After a median follow-up of 12 (6-24) months we encountered six patients with heterotopic ossifications of Brooker grade I-II. Potential late risks from ionising radiation should be considered when treating younger patients.
Introduction
The mean incidence of heterotopic ossification (HO) after total hip arthroplasty (THA) is 13-15%, but may be 60% or more in patients with associated risk factors [25] . The use of postoperative radiotherapy (RT) and nonsteroidal anti-inflammatory drugs (NSAIDs) in preventing ossification has been extensively reported [6, 13, 14, 15, 21, 27, 29] . However, post-surgical irradiation is uncomfortable as patients have to be moved to a different department for treatment, and there is an associated risk of dislocation with the required changes of position. Preoperative irradiation prevents such complications. Randomised studies have shown that preoperative treatment is effective in preventing HO when administered 4-6 h before surgery [18, 20] . However, there are considerable administrative difficulties associated with giving this treatment so soon before surgery. Although the effects of early irradiation (24 h or more before surgery) are uncertain [11, 19] , promising results have been reported from a preliminary evaluation of treatment at an intermediate preoperative interval (less than 24 h) [16] .
In this study we evaluated the clinical effectiveness of radiotherapy administered 16 h before surgery.
Patients and methods
Between January 1999 and June 2000, we enrolled 143 patients who were undergoing primary THA, a revision procedure or removal of heterotopic bone, into the study. The indications for THA were osteoarthritis, or other degenerative diseases, fractures of the hip and osteonecrosis. Revision procedures were performed in 23 patients, seven of whom had severe ectopic ossification (Brooker grade III-IV), which was removed at operation. Two further patients, with severe pain and limitation of movement, underwent the removal of ectopic bone from around a hip prosthesis. Three patients had staged bilateral radiation and hip surgery within 6 to 9 months. Forty-seven patients were considered to have a "standard" risk of developing HO, whereas 71 had one or more conditions associated with an increased risk of the development of HO (hypertrophic osteoarthritis, previous acetabular or femoral fractures). Twenty-five patients who had undergone previous hip surgery (with or without the development of HO) were also classified as high risk. The characteristics of the patient population are summarised in Table 1 . A minority of patients (23%) had been taking regular NSAID-based anti-inflammatory medication, with different drugs, schedules and doses prior to surgery. They were asked to stop treatment at least 7 days before surgery and only replace it with non-NSAID analgesics as required. Radiation was given as a single dose of 750 centiGray (cGy) in the late afternoon (5.00 p.m. to 6.00 p.m.) on the day before surgery (scheduled to 8 .00 a.m. to 9.00 a.m.), so as not to exceed 16 h. All patients underwent standard simulation. Although the size of the treatment field depended on the size of the patients, portals of 11-12 cm × 12-13 cm fitted almost all cases. Fields were chosen to include the soft tissue around the hip and a margin of at least 3 cm around the border of the proximal femur (Fig. 1 ). The medial margin was usually not more than 1.5 cm from the femoral head in order to spare the pelvic organs. Portals were occasionally shielded, or the collimator rotated, for adequate protection in younger patients. Treatment was delivered by means of a linear accelerator, 10-MV photon beams, through anterior-posterior opposed fields with the dose prescribed to the central axis at mid-plane depth. Signed informed consent was obtained from all patients before treatment. Non-NSAID analgesics were administered on demand for the management of postoperative pain. Evaluation of results included standard hip X-rays, performed at 1, 3 and 6 months after treatment and compared with preoperative X-rays. The scoring of the ossifications was based on the Brooker grading scale [1] . The mean follow-up was 12 (6-24) months.
Results
Four of the 118 patients who underwent primary THA developed Brooker grade I-II asymptomatic ossification within 3 months of surgery (Table 2) . Two further patients, in the group of 25 high risk patients who underwent a revision procedure or removal of ectopic bone, also developed grade II ossification. All ossification was within the irradiated area. There were no cases of significant ossification above grade II. Preoperative RT did not adversely affect the outcome of surgery, and there was no discomfort associated with the treatment. Healthcare personnel reported that they found this treatment protocol to be "less demanding and time consuming; compared with the postoperative treatment protocol". There were no early or late side or toxic effects of treatment, in particular no increased haemorrhage during surgery and no failure of bony ingrowth into cementless prostheses. [17, 23, 26] . Although the mechanism of ectopic bone formation is not understood, it is assumed that inflammation from local trauma may cause mesenchymal cells and/or fibroblasts to proliferate and differentiate into osteoblastic cells, producing ectopic osteoid tissue. Calcification may be seen on X-ray as early as 3 weeks after surgery, progress to bone occurs within 3 or 4 months and this bone becomes mature at 12 months [2] . Anti-inflammatory drugs and lowdose radiation therapy can reduce the incidence of significant HO.
The anti-inflammatory mechanisms of radiotherapy remain hypothetical and under investigation [24] . Inhibition of the proliferating connective tissue cells seems to play a role in the prevention of HO. The efficacy of local RT is consistent with the hypothesis that these cells do not derive from distant blood-borne precursors, but differentiate from local soft tissue cell lines within the irradiated area [18] . However, the lack of understanding of the exact mechanisms involved and the awareness of the potential risks associated with irradiation probably mean that this therapeutic option has not been used often enough [12] . The role of postoperative irradiation in preventing ossification was first reported 20 years ago [4] and has been confirmed by subsequent studies. Although RT regimes differed greatly with regard to dose, fractionation and timing, the recommended dose has been gradually reduced. The lowest effective prophylactic dose to be recommended was 700 cGy [9] . Based on these experiences two critical points have been identified; firstly, single-fraction treatments are as effective as longer fractionated schedules and less time consuming and demanding for patients. Secondly, the interval between surgery and RT should not exceed 4 days in order to achieve effective inhibition of differentiating mesenchymal cells. A recent report from Childs et al. [3] showed no increase in the incidence of HO with an interval of 3 days between surgery and RT. Preoperative radiotherapy was used in an experimental model by Kantorowitz et al. [11] and shown to be effective in preventing ectopic ossification. Preoperative trials [7, 10, 16, 18, 20, 25] were initiated with the aim of testing the clinical efficacy whilst eliminating the drawbacks associated with postoperative administration. Two randomised studies [20] supported the efficacy of RT given 4 h preoperatively and showed that this approach was as effective as a postoperative regime. The preliminary evaluation of the effectiveness of an "earlier" irradiation protocol, with a 16-h interval, was reported by Kölbl et al. [16] .
The advantages of preoperative treatment are that it is more comfortable for the patient and spares the prosthetic material from irradiation, thus, for instance, avoiding interference with bony ingrowth into porous surfaces. Shorter time intervals between irradiation and surgery pose organisational problems. A 4-6 h interval may be impracticable in the daily routine of a general hospital. Longer intervals, not exceeding 24 h, do not seem to affect the outcome and offer better compliance. The failure of preoperative RT to prevent the development of HO varies from 5% to 48% (Table 3) , depending on the Brooker grading, risk factors, and, to a certain extent, radiation doses. A study by Kölbl et al. [16] is apparently discouraging as they reported an incidence of 48%; however, if only clinically significant HO is considered, the incidence becomes almost insignificant: HO grade III 2.2%, HO grade IV 0%. The authors emphasise that the higher incidence of mild or symptomatic Brooker grade I-II (36.9% and 8.7%, respectively) in the preoperative arm of the study is balanced by the advantages of the procedure, with lower costs and risks, more comfort to the patients and less demand on healthcare personnel.
We achieved control of HO in 96% of the whole group and 92% in the high risk group, with no ossification exceeding Brooker grade II. Since no ossification occurred outside the irradiated field, it is concluded that the irradiated areas correctly encompassed the surgical field which was at risk. Our results compare favourably with those from other preoperative studies (Table 3) . Seventy-one at risk patients, 23 undergoing revision procedures and two procedures to remove ectopic bone were free of clinically significant symptomatic HO (Table 2) .
There remains the possibility of late development of malignancy within the irradiated tissue, though this is not a major concern in a population of patients whose mean age is more than 70 years. According to Thomas [22] there is no report of malignant change in the literature at dose levels below 3000 cGy, and the dose we used was much lower. The possibility of the development of haematological malignancy should also be considered. Two large reviews [5, 28] , published in 1995, considered 34,791 patients irradiated for painful benign conditions of the locomotor system in the period between 1935 and 1964, and both reported an increased risk of the development of leukaemia. However, this irradiation usually involved skeletal areas other than the hip with a larger volume of bone marrow in the radiation fields, and there was less precision in the calculation of the dose administered as compared with current practice. The risk of developing a malignancy in an irradiated patient decreases with increasing age and exposure [8] . Caution, however, should be exercised when irradiating patients younger than 60 years of age; and as much in-formation as possible concerning the development of malignancy should be given as part of informed consent for treatment.
In conclusion, preoperative RT, 16 h before surgery, is effective in the prophylaxis of HO after major hip surgery and should replace the more complicated postoperative regimes. In our centre this approach has become the standard procedure in patients undergoing major hip surgery who are at risk of the development of HO.
